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PURPOSE: To provide a structure which enables high light emission output 
of a blue light emitting element wherein a gallium nitride compound 
semiconductor is used. 

CONSTITUTION: This the device is a blue light emitting element of a double 
h t ro-structure which is provided with a gallium nitride compound 
s miconductor wherein an n-type Ga1-aAlaN (0<a<1) layer 3, an n-type 
InxGa1-xN (0<X<0.5) layer 4 and a p-type Ga1-bASIbN layer 5 are 
laminated one by one. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has be n translated by comput r.So th translation may not r fleet the original pr cis ly. 

2. **** shows the word which can not b translat d. 
3.1n th drawings, any words are n t translat d. 



CLAIMS _ 
[Claim(s)] 

[Claim 1] The blue light emitting device characterized by providing the gallium-nitride system compound semiconductor by 
which the laminating of an n type Ga1-aAlaN (0<=a<1) layer, an n type InXGa1-XN (however, range of X is 0< X<0.5.) lay r, 
and the p type Ga1-bAlbN (0<=b<1) layer was carried out to order. 

[Claim 2] The aforementioned n type InXGa1-XN layer is a blue light emitting device according to claim 1 characterized by 
th bird clapper from the multilayer from which X value differs. 

[Claim 3] The thickness of the aforementioned n type InXGa1-XN layer is a blue light emitting device according to claim 1 
characterized by being the range of 1 0A - 0.5 micrometers. 

[Claim 4] The aforementioned n type Ga1-aAlaN layer is a blue light emitting device according to claim 1 characterized by 
growing up on the GaYAI1-YN (0<=Y<=1) buffer layer which grew on the substrate. 

[Claim 5] The thickness of the aforementioned p type Ga1-bAlbN layer is a blue light emitting device according to claim 1 
characterized by being the range of 0.05 micrometers - 1 .5 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the structure of the blue light emitting device which started the blue light 
emitting device used for blue light emitting diode, blue laser diode, etc., especially used the gallium-nitride system 
compound semiconductor. 
[0002] 

[Description of the Prior Art] Gallium-nitride system compound semiconductors, such as a gallium nitride (GaN), an indium- 
nitride gallium (InGaN), and gallium-nitride aluminum (GaAIN), attract attention as a practical semiconductor material us d 
for luminescence devices, such as blue diode and blue laser diode. 

[0003] As a light emitting device using the gallium-nitride system compound semiconductor by which the conventional 
proposal is made, the thing of the structure shown in drawing 3 is known well. This has the structure where the p type GaN 
layer 5 was made the n type GaN layer 3 buffer-layer 2' which consists of AIN on a substrate 1 first, and on it, and th 
laminating was carried out to order on it. Sapphire is usually used for the substrate 1. Buffer-layer 2' has on it the 
operation which improves the crystallinity of the gallium-nitride system compound semiconductor which carries out a 
laminating by minding AIN as indicated by JP.63-188983.A. Si or germanium is usually doped by the n type GaN layer, 
although Mg or Zn is usually doped by the p type GaN layer — p type since crystallinity is bad — not becoming — high — 
it is i type [ **** ] moreover, i type — low — in JP,2-42770,A, the technology of performing electron beam irradiation on a 
front face is indicated as a means to change into p type [ **** ] 
[0004] 

[Probl m(s) to be Solved by the Invention] Generally, for a low reason, the light emitting device of such homozygous do s 
not hav a practical radiant power output. In order to increase a radiant power output and to consider as a practical light 

mitting device, it is necessary to make preferably [ it is desirable and ] the light emitting device using the gallium-nitrid 
syst m compound semiconductor into double hetero structure to a single hetero and a pan. However, in the gallium-nitride 
syst m compound semiconductor, the practical light emitting device of double hetero structure using p type layer is not y t 
r port d. 

[0005] Therefore, this invention is made in view of such a situation, and offers the new structure which can do the blu 
light emitting device using the gallium-nitride system compound semiconductor with a high radiant power output. 
[0006] 

[Means for Solving the Problem] We succeeded in development of the blue light emitting device of double hetero structure 
not th conventional homozygous GaN but by newly making an InGaN layer into a luminous layer. That is, the blue light 

mitting device of this invention is characterized by providing the gallium-nitride system compound semiconductor by which 
the laminating of an n type Ga1-aAlaN (0<=a<1) layer, an n type InXGa1-XN (however, range of X is 0< X<0.5.) layer, and 
the p type Ga1-bAlbN (0<=b<1) layer was carried out to order. Moreover, the aforementioned n type InXGa1-XN layer may 
b a multilayer from which X value differs. 

[0007] One structure of the blue light emitting device of this invention is shown in drawing 1 . As for the buffer layer which 
1 becomes from a substrate and 2 becomes from GaN, and 3, an n type InXGa1-XN layer and 5 are p type GaN layers an n 
type GaN layer and 4, and these have double hetero structure by which the laminating was carried out to order. In the blue 
light emitting device of this structure, a luminous layer is the n type InXGa1-XN layer 4, and the n type GaN layer 3 and th 
p type GaN layer 5 are clad layers. 

[0008] Although a substrate 1 can use material, such as sapphire, and SiC, ZnO, sapphire is usually used. A buffer lay r 2 
can be formed by GaYAI1-YN (0<=Y<=1), and is formed by the thickness which is usually 0.002 micrometers - 0.5 
micrometers. The direction preferably formed by GaN can carry out the laminating of the crystalline good gallium-nitrid 
syst m compound semiconductor rather than AIN. We have described the effect of this GaN buffer layer in Japanese 
Patent Application No. No. 89840 [ three to ] which applied previously. The gallium-nitride system compound semiconductor 
the buffer layer which consists of GaN excelled [ compound semiconductor ] the conventional AIN buffer layer in 
crystallinity in the case of silicon on sapphire is obtained. The crystallinity of the gallium-nitride system compound 
semiconductor on a buffer layer can be raised by first growing up the buffer layer which has the same composition as the 
gallium-nitride system compound semiconductor which it is going to grow up still more preferably at low temperature on 
silicon on sapphir . 

[0009] The n typ GaN layer 3 can us GaAIN which replaced a part of the Ga other than GaN with aluminum (nam ly, 
Ga1-aAlaN, 0<=a<1). Mor over, although th se gallium-nitrid system compound semiconductors have th prop rty in 
which a non dope als serves as n typ , th y dope n typ impurities, such as Si and germanium, for xample, and ar good 
also as a desirabl n type. 

[0010] Th p typ GaN layer 5 can also us GaAIN which r plac d a part of the Ga oth r than GaN with aluminum (nam ly, 
Ga1-bAlbN, 0<=b<1). p rforming pr f rably 400 degr es C or more of annealing at the t mp rature of 600 degrees C or 
more, as it indicat d to Japan se Pat nt Application No. No. 357046 [ thre to ] for which w applied pr viously aft r 
growing up a Ga1-bAlbN layer, this p typ GaN lay r 5 acting as a clad lay r in the structure of the lem nt of this 
invention, and doping p type impurities, such as Mg and Zn, for example, — low — it can consider as p type [ **** ] As for 
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th thickn ss. it is desirabl to form by th thickness of 0.05 micrometers - 1.5 micrometers. If thinn r than 0.05 
microm ters, it will be hard to act as a clad layer, and when thicker than 1.5 micrometers, it is in the inclination which is 
hard to form by the aforemention d m thod into p mold. 

[001 1] The n type InXGa1-XN lay r 4 can make [ mor ] the mole ratio of an indium to th gallium in material gas for 

xampl , by th organic-m tal vapor growth than 1, using nitrog n as carri r gas of th gas of mat rial gas, such as Ga and 
In, and it can b made to gr w up by doping growth temperatur as t mp ratur higher than 600 d grees C, and doping Si 
or germanium as an n type impurity further. As for Si r germanium, a radiant pow r utput increases in InXGa1-XN 3- 
1022/cm3 f 1016-/cm, and by doping in the amount of 1018-1020-/cm3 pref rably. 

[0012] furthermore, In mix d-crystal ratio, i. ., X value, of the afor mention d n type InXGa1-XN layer 4 — the range of 0< 
X<0.5 — it is necessary to aojust to the range of 0.01 < X<0.5 preferably Since the luminescent color will turn into yellow if 
th InXGa1-XN layer 4 acts as a luminous layer and becomes 0.5 or more by making [ more ] it than 0. it cannot be us d as 
a blue light emitting device. 

[0013] Moreover, as shown in drawing ..? , X value is good also as a multilayer from which X value differs the InXGa1-XN 
layer 4 in 0< X<0.5. since this InXGa1-XN layer 4 serves as single quantum well structure and multiplex quantum well 
structur by considering as a multilayer, a radiant power output can be markedly alike, and can improve, and threshold 
current can be reduced in the case where it is further made laser diode 

[0014] As for the n type InXGa1-XN layer 4, it is still more preferably desirable to form by the thickness of 0.01 
microm ters - 0.1 micrometers 10A - 0.5 micrometers. Moreover, it is better to adjust the total thickness to 
aforem ntioned within the limits, when it considers as a multilayer. It is because sufficient radiant power output will not be 
obtained if it is thinner than 10A or is thicker than 0.5 micrometers. This is an inclination looked at by only the gallium- 
nitride system compound semiconductor. Drawing 4 is drawing showing the relation between the In0.1Ga0.9N layer thickness 
and the relative luminescence intensity of a light emitting device, when the mixed-crystal ratio of the InGaN layer 4 which 
is a luminous layer of the light emitting device of the structure shown in drawing 1 is set to In0.1 Ga0.9N. Thus, 
luminescence intensity changes by changing the thickness of a luminous layer in the blue light emitting device of this 
invention. When especially the thickness exceeds 0.5 micrometers, it is in the inclination to fall rapidly. Therefore, the 
thickn ss of a luminous layer has the desirable range of 10A - 0.5 micrometers which has 90% or more of relative 
luminescence intensity. In addition, the same result was obtained when the n type InGaN layer 4 was made into a multilayer. 

[0015] 

[Function] in the blue light emitting device of this invention, since it is considering as the double hetero structure which 
made th n type InXGa1-XN layer the luminous layer, as compared with the conventional homozygous GaN, a radiant power 
output is markedly alike and improves And by this invention, although the p type GaN layer was a luminous layer in the 
conventional homozygous GaN. when a clad layer and an InXGa1-XN layer act as a luminous layer and an n type Ga1-aAlaN 
layer and a p type Gal-bAlbN layer make the X value the range of 0< X<0.5, color purity can consider as the good high blu 
light emitting device of a radiant power output. 
[0016] 

[Exampl ] Below by the organic-metal vapor growth, how to manufacture the blue light emitting device of this invention is 
stat d. 

[0017] [Example 1] Passing hydrogen, after setting the silicon on sapphire often washed first in a reaction container and 
replacing the Inside of a reaction container enough from hydrogen, the temperature of a substrate is raised to 1050 degrees 
C, and is held for 20 minutes, and silicon on sapphire is cleaned. 

[0018] Then, passing a part for ammonia (NH3) 4 I./, and TMG (trimethylgallium) to a part for 27xten - six-mol/as reactant 
gas. and passing [ lower temperature to 510 degrees C, ] hydrogen on a substrate front face by part for 2l./as carrier gas, it 
holds for 1 minute and a GaN buffer layer is grown up by about 200A thickness on silicon on sapphire. 
[0019] Only TMG is stopped after buffer-layer growth and temperature is raised to 1030 degrees C. If it becomes 1030 
d gr es C, similarly, by making hydrogen into carrier gas, 54xten - six-mol a part for /and silane gas will be passed by part 
for 2x10 -nine-mol/, ammonia will be passed by part for 41./, TMG will be grown up for 30 minutes, and 2 micrometers of Si 
dope n type GaN layers are grown up. 

[0020] Material gas is stopped after n type GaN layer growth, temperature is made into 800 degrees C. and carrier gas is 
changed to nitrogen, for nitrogen TMG as 21. a part for /and material gas A part for 2x10 -six-mol/. A part for 2x10 -nine- 
mol/is grown up in 1x10 -five-mol a part for /and silane gas, and ammonia grows up [ TMI (trimethylindium) ] 200A Si dope 
n moid In0.14Ga0.86N layer with a sink for 10 minutes by part for 41./. 

[0021] 0.8 micrometers of p type GaN layers are grown up pouring 54x10 -six-mol a part for /and Cp2Mg (magnesium 
cyclopentadienyl) by part for 3.6x10 -six-mol/, and pouring [ stop material gas after Si dope n type In0.14Ga0.86 N layer 
growth, raise temperature to 1020 degrees C again, ] ammonia for TMG by part for 41./. 

[0022] A substrate is taken out from a reaction container after p type GaN layer growth, annealing equipment is performed 
the inside of nitrogen-gas-atmosphere mind, annealing is performed for 20 minutes at 700 degrees C, and the p type GaN 
lay r of the best layer is further formed into low resistance. 

[0023] After having removed a part of p type GaN layer of the wafer obtained as mentioned above, and n type 
InO.14GaO.86N by etching, having made it open [ begin] in an n type GaN lay r. preparing th ohmic lectrode in th p type 
GaN lay r and th n type GaN lay r and cutting into the chip of 500-micromet r angle, when it consider d as light emitting 
diode according to the conventional m thod, the radiant pow r output was 120microW in 20mA, and p ak wav I ngth was 
400nm. 

[0024] In th [exampl 2] exampl 1. aft r growing up Si dop n mold InO.14GaO.86N layer, the flow rate of TMI was 
continuously changed into a part for 2x10 -five-mol/, and th 50A Si d pe n mold InO.25GaO.75N layer was grown up on it. 
Furthermor , the flow rat of TMI was changed into a part f r 1x10 -five-m l/after n typ InO.25GaO.75 N lay r growth, and 
the 200A Si dope InO.14GaO.86N layer was grown up. The r st was mad into light mitting diod like the xample 1. That is. 
the Si dope n type InXGa1-XN layer of an xample 1 was made into multilay r structur (InO.14GaO.86N layer 200 A 
In0.25GaO.75N layer 50 A, and InO.14GaO.86N lay r 200 A) from the substrate sid at order. The radiant power output of 
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this light emitting diode was 240microW in 20mA, and p ak wavelength was 420nm. 

[0625] [Example of comparison] InO.14GaO.86N lay r was not grown up, and also homozygous GaN light mitting diode was 
obtained like th example 1. Th radiant power output f this light emitting diode was SOmicroW in 20mA t and peak 
wav length was 430nm. 

[0026] In the process into which th buff r layer of th [example 3] xample 1 is gr wn up, TMA gas was pass d in the 
amount f said inst ad of TMG, at the temp rature f 600 degrees C, th buffer layer which consists of AIN on silicon on 
sapphire was grown up by 500A thickn ss, and also light emitting di d was obtain d lik th exampl 1. There 80microW 
Was an utput of this light mitting diode by 20mA t and it was about 1.6 tim s as compared with the output of the 
conventi nal homozygous light mitting diode. 

[0027] In the [example 4] example 2, it considered as the light emitting diode which a buffer layer is set to AIN like an 
xample 3, and also has the multilayer of InGaN like an example 2. This light emitting diode was also 2O0microW in 20mA, 
and the radiant power output was 420nm of peak wavelengths. 

[0028] In the [example 5] example 1, only TMG is stopped after buffer-layer growth and temperature is raised to 1030 
degr es C. If it becomes 1030 degrees C, similarly, by making hydrogen into carrier gas, 6x10 -six-mol a part for /and silan 
gas will be passed by part for 2x10 -nine-mol/, ammonia will be passed for 54xten - six-mol a part for /and TMA by part 
for 41./, TMG will be grown up for 30 minutes, and 2-micrometer Si dope n mold Ga0.9aluminum0.1N layer is grown up. 
[0029] Next, after growing up 200A Si dope n mold InO.14GaO.86N layer like an example 1 on this Si dope n mold 
Ga0.9aluminum0.1N layer. Material gas is stopped and temperature is again raised to 1020 degrees C. TMG A part for 54x10 
-six-mol/, 0.8-micrometer p mold Ga0.9aluminum0.1 N layer is grown up pouring 6x10 -six-mol a part for /and Cp2Mg 
(magnesium cyclopentadienyl) by part for 3.6x10 -six-mol/, and pouring ammonia for TMA by part for 41./. 
[0030] It is made above, on a substrate A GaN buffer layer and Si dope n mold GaO.9aluminumO.1N layer, After carrying out 
ann aling of the wafer which carried out the laminating of Si dope n mold In0;14Ga0.86N layer and the Mg dope p mold 
Ga0.9aluminum0.1N layer to order like an example 1, When considered as light emitting diode, the radiant power output was 
120microW in 20mA, and peak wavelength was the same as that of 400nm and an example 1. 

[0031] In case the buffer layer of the [example 6] example 1 is grown up, in 510 degrees C, a part for 3x10 -six-mol/is 
passed [ a part for ammonia (NH3) 4 I./, and TMG (trimethylgallium) ] for 27x10-six-mol a part for /and TMA as reactant 
gas, and a Ga0.9aluminum0.1 N buffer layer is grown up by about 200A thickness on silicon on sapphire. 
[0032] Next, the 2-micrometer Si dope n mold Ga0.9aluminum0.1 N layer which has the same composition as a buffer layer 
like an example 5 on the buffer layer is grown up. 

[0033] next, an Si dope n type — a GaO.9aluminumO.1N layer top — an example 2 — the same — carrying out — an Si 
dop n type — InO.14GaO.86N layer 200 A and an Si dope n type — InO.25GaO.75N layer 50 A and an Si dope n type — the 
laminating of the InO.14GaO.86N layer 200 A is carried out to order, and it considers as a multilayer 

[0034] When the p mold Ga0.9aluminum0.1N layer was furthermore grown up by 1 -micrometer thickness like the example 5 
on the multilayer and also it considered as light emitting diode similarly, in 20mA, 210microW and the peak wavelength of 
the radiant power output of this light emitting diode were 420nm. 
[0035] 

[Eff ct of the Invention] As explained above, since the blue light emitting device of this invention makes the structure 
t rrorism structure to the double using the gallium-nitride system compound semiconductor, luminous efficiency can obtain 
a high blue luminescence device. Moreover, since light is emitted through the deep luminescence pin center.large made with 
Zn of a p type GaN layer, Mg, etc., there is about about 60nm of the I uminescence full width at half maximum, and the light 

mitting devices of the conventional homozygous are very latus. On the other hand, since the light emitting device of 
t rrorism structure uses luminescence between bands of an n type InGaN layer for the double of this invention, half-value 
width is very narrow, is about 25nm, and is below the half of the light emitting device of homozygous. For this reason, color 
purity is very good. Furthermore, since the blue light emitting device of this invention can change the luminescent color by 
the mole ratio of In of InXGa1-XN which is a luminous layer, it is not influenced by the impurity of a p type GaN layer. 
Ther fore, the blue luminescence device excellent also in reliability is obtained. Moreover, since the blue light emitting 
d vice of this invention is applicable also to blue laser diode, the utility value on the industry is very large. 



[Translation done.] 
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Mr. Kimberley Lachaine 
KIRBY EADES GALE BAKER 
P.O. Box 3432, Station D 
Ottawa 

CANADA KIP 6N9 



June , 2003 

VIA FACSIMILE 
(Page 1 of 1) 

Your Ref: 41593 
Our Ref: 528023 

Canadian Patent Application No. 2,237,493 
Applicant: Nippon Paint Co., Ltd* et al. 



Dear Mr. Lachaine: 

Thank you for your April 16, 2003 letter. 

With respect to EG-MO and EP-MO, the word "EP-MO" should have been 
written as "EG-MO". The word "EG-MO" is a code as used idiomatically. The 
letter "EG" means abbreviation of electric gilding, the letter "M" means non- 
treatment, such as no-treatment with chromate and the letter "O" means oiling. 

If you have any questions, please do not hesitate to write to us. 



Sincerely yours, 
AOYAMA & PARTNERS 



Yasuhiro KITAHARA 

YK:mo 

P.S. Please acknowledge receipt of this letter by return facsimile. 
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Japan Patent Office is not responsible for any 
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DESCRIPTION OF DRAWINGS 

[Bri f Description of the Drawings] 

[Drawing 1] The type section view showing one structure of the blue light emitting device of this invention. 

[Drawing 2] The type section view showing one structure of the blue light emitting device of this invention. 

[Drawing 3] The type section view showing the structure of the conventional blue light emitting device. 

[Drawing 4] Drawing showing the relation between the thickness of the InXGa1-XN layer of the blue light emitting devic 

cone rning one example of this invention, and the relative luminescence intensity of a light emitting device. 

[D scription of Notations] 

1 Substrate 2 GaN buffer layer 

3 n type GaN layer 4 n type InXGa1-XN layer 

5 p type GaN layer 



[Translation done.] 
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DRAWINGS 



Drawing 1] 
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Drawing 3] 
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[Drawing 4] 
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©±fc pIGaNlS <htfjRtc8M<* ft/ctSit£WUT 

-;77l2' ^PiflS6 3- 1 8 8 9 8 3#&«CCiB 

mztir^zjisic^ a i N^r^-r^cicc^o, -e© 

<ti^^S. nfGaNJSWa^, S i J^tt 
Ge^F-^fltl^, p3SGaN»K:ttjI» v Mg 

[0 004] 



(2) ^6- 1 774 23 

2 

cc«, g< b# y * m l tcftytm* 

^fPiiitSW^S. »b# 
[0 0 0 5] ffior*^8»COJ:5&»tt«l*Ta 
[0 0 0 6] 

GaNWdC< k Iff/cCCl nGaNl*»*i4nc 

Lfc„ g|J*>. ^iiOffeMf^W, nMG.a * _» A 
1 1 N (0^a<l) Jf<h, nil nxGa a _*N 
x»0<X<0..5©«it*5. PIGa,. b 

20 a un co^b<i ) mt&mtcffimztitcg.ikxvv 

[ 0 0 0 7 ] H 1 tC*^©*^^**^©— 
iGaNi, 45inffll n.cGa^xNH, 5ttpIGa 

I(inSIn l Ga 1 .,NI4'C*l3, n§yGaNJ13£ 
30 plGa N®5 5J^9 » KflTC**. 

[000 8]lSlBt77^T, SiC, ZnO^O 

^'tr77l2»Ga T AI 1 . Y N (0^Y^ 1 ) r»«ET 
&C<h#T# k mi%0. 002wm-0. 5um©f$ 

rjfoss-r*. MK^GaNrM-r^ a in 
j: «3 msim*© «n>SMb# y *) ^frjtsm^mfczmm 

TSCi3&sr*5. C©GaN^9 7rJS©ja*CC^li 
#*teffiffiU/c«Bi¥3 - 8 9 8 4 0#fc:tot> 
-C^tTfcD. t^r-fTS^©*!^ fi£*©A 1 N^c 
40 v v rJi «=fc *) h G a N J: 0 ft ? 7 rJl©#*JiSStt 

cc«*ifc»b^y»>A*ft^»¥*#^»^n, ^^cc 
#* b < lifiSfiS^ J: 5 y ^ A*{b^B¥ 

(omttf y ^ A«-fb^«j*a»ft©iBStt*fii±5-&4 c 

[0 0 0 9] n^GaNJi3«GaN©ffeJc-?-©Ga© 
-SU€:A lrgftLfcGaAlNlrtimciOT* 
S (IP^Ga^.A 1 B N % 0^a<l ) o $/cCtl6© 
so »b^y^A*{b^W*»#tt^>F-^-C«>nffli«c 



3 

[0 0 10] pIGa NJf 5 &G a NCDffeGC-e<DGa <Z> 
-§R£A 1 T«bfcGaA 1 Nttiim? 2>C±&~C% 
£ (IP^Ga^A l b N. 0 ^b< 1 ) „ C<Dp§*Ga 

-^O^^Ga^A 1 b Ni^l3tm fffiL (2 
**#$fcfca«0:fc»IIPF3 - 3 5 7 0 4 6#0cgEttl, 
J: 5 CC k 4 0 0 X«1»3S U < 5* 6 0 0 °CJ.XL<E>i&jt 

<h#T'£6, -eC0H^« v 0. 05|im-l. 5umCD 

«r«srrsciWiLc». o. os/im^Hi 

[0 0 1 13 nil n l Ga 1 .»Ni4B. WU** W*8 
^^B/jfcE£fc«fc»K Ga, I nf ©TO^O^^ 

K«fiM*6 0 0'CJi»)Wl>i&K± L/T, niT*l 
ilTSi, *fcttGe&K-:/**C<hCCJ:OJi!$gi* 
t^Ctm^ S i£fc«Gete:l nxGa^.Ntf 
Kl O^/an 5 -! 0 1 Vcnf, L < » 1 O^-IO 
1 • / erf COST F — ^TSC iCCcfcO »3g W^l 

[0 0 12] 2 HulBnMI n x G a 1 _ x NH4(D I 
nfifitb. W%xmtt 0 <X< 0 . 5 ©*BH % Jtfg U < « 
0. 0 1<X<0. 5 (MBWcli^ 0 
<fc9£<-<r3£ In x G ai . x NI4«l 
£UTfMU 0. 5Jy±CCfc££*©lfeft&W«e± 

[0 0 13] S/c, B2K7j*"r«fc5 6c, xff**o<x< 
0. SOliST, I n x Ga 1 . x NH4 £xiti<D^£i:<2>^ 

[0014] nil n x Ga 1 . x NI4{il 0t>^h 
n-A-0. 5/im, £k&C$?£U<te:0. OUm- 
0. l//m(Df^Mt^Ci^L^ fl tit. & 

5C^r»^<D^^CDffe^"C*5 I nGaNi!4<9 
ilfijfcfc I n0.lGa0.9N<bO/ci#£\ -£(D I nO.lG 



(3) W?6- 1 77423 

4 

0. 5Mm©«il#Jf*bU nilnGaNi 
[0015] 

io umi *mi<Di?&m%im*-c^ n.n n,G ai .« 

fie*o**«^GaN«cifcur, «feifl****a«:fii± 

T5o Ofrfc, «e*©*-=Eift&GaNT5*p^G-aNJBI 
^^TCttn^Ga^.A 1 .NJB 
p^G a,. b A 1 b NM£fi s #5 *; KM, In x Ga 

i^Nm&ftytmtLximb* %<Dxm* o<x<o. 

[0016] 

[0017] cisrwii ] *r, j:<a»u^77-f 

^SftOfca. ««©fflJS4 1 0 5 

[0018] MJg£5 1 0*C2rTW\ J5I&# 

^tlt7>^^7 (NH 3 ) 4';^^/^; TM 
G ( h 'J^^'J<5A) ^27X1 CT , *A>/$k * 
30 t 'i7^i l/T7kfg£ 2 U sr h ^/^"C, SR^ffiCC 

[0 0 19] ^9 7rJIAJm. TMG©Ms?)t. U 

1 0 3 0'C£T_L#;*#&o 1 0 30"C«cao/c 
6, !5lD<?KM^t I J7^<btT, TMG^54x 

T>^e^r^4 ^ h;uy^-c^u-c3 o^rafltss 

■if, Si K-^nSGaNI^2ym^$« n 
40 [0 0 2 0] nlG a NJl^^, M*4^X £±«\ M 
g^8 0 0*CCCOT, ^t^^X^ica^^, 

O-'^W/^i, TM I ( h U * 1 

xi O-'^l//^ ->7>^^2x lO- 9 ^t;l//^ 
7>^7^4 'J FV^t 1 0«L^*^, S 
i F-^nII n0.14Ga0.86NH?:2 0 Ot>^F 

[0 02 1] Si F-^nSI n 0.14G a 0.86N JlJ&g 

/^f4^x^iL^, scfjas* 1020 "c^-cjl^^ 

50 -tf, TMG^5 4X10-»W^ Cp2Mg 



(4) 

5 

P^>£^x-;W>/**x^A) £3. 6X10"*^ 
/ft, Tls^~T*4V v V)V/ft-CWLl>t£ttt>s Pi 
GaNl^O. 8 jum)5Rg i*tt& 0 
[0 02 2] pIGa NJf ]&ga, 

[0 0 2 3 ] M±0£5KLXnt>tltcy*^-<DpM 
G a NIL Wi^ni I n 0.14G a 0.86N©— y 

GaNi, fc^nlGaNItC^^ ?^ft^£t5 
5 0 0 um&<D^ ^ "T'fc:* h Stt*cfi£ 
l> % ^fe^t-FiUciC^, ffe#Htfj«:2 0inA 
1 2 0 uW-C&*K t'-^«4 0 0nmT 

[0024] -[iafe«2] safi«nc*y^T. s i f- 

^nSl n0.l4GaO.86NJf£/&^£i*?ca, »tT 
M I ©?fcS£2 x 1 0" s *Jlo/#fcSM.-C, ^©_b(CS 

i F-:/n§n n 0.25G a 0.75NH£ 5 0 #X hP 
-Aj&g$i*fc„ SfcfC, nil no.25Gao.75NHfcS 20 
TM I ©zfcfi* 1 X 1 0-' *;1//#&C£;*. S 

i K-y I n0.l4Ga0.86NJl£2 0 0t>^Fn- 

-Fil/c. ^SSWIOS i F-^nSI n x 

Ga^NI^. ®KM0>&Jnc. I n 0.14G a 0.86N 
MZ 0 0 h A v I n0.25Ga0.75NJf 5 0 

ho- A, I n0.14Ga0.86NJf 2 0 0t>^ 
C©3a3fe^-f*-F© 

«ft&£4 2 0 nmr^o/c 30 
[0 0 2 5 ] [Jt««] I n0.l4Ga0.86N@£j&g£ 

#-f*-F*f»fc. c©2fe;)fc#-Y*- FCDWetHAW, 
20mAt50MWt*^ f-««4 3 0nmT 

[0 02 6] [|ttM3]XKNl^977«AS 
£tf£Xfifc:te^-C TMG£>f^b9tCTMA#X3:pJ 
eOOTOiK-C, t7 7>f7liJ:(c, A 

-F£f#/c„ Z<D§tfb&<<1r- F<D\tiMZ2 0mA"C8 
0mW&*3> «ae*©**«^«^^*-F©HJ*CcH: 
L-T^Jl. 6g^-o/c 0 

[0 0 2 7 ] [§HfeW4] ^*6W2tc*jC»T. '**7r 
fcbT I n G a N(D^li^f F i I 

[0 0 2 8 ] [JW«5] Wfc«lfc*Jt>r % 7<9 7r 

JlfifesSL TMG©M»r, te$ 1 0 3 CCitl 50 



#H§¥6 - 1 7 7 4 2 3 
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1 0 3 O'CWlftofcSK IB] + 'J 
TrtZtlsT. TMG^5 4xi0^ 6 W^i k TM 
A&6X 1 0- 6 ^;l//^<b, '>7>^2X10-'^ 
T>^:~T£4 U h;I//5>TilT3 0#IB 
JgSfi3li\ Si F*-7'niGa0.9A10.lN1^2wm 

[0 0 2 9] ^{CCOS i K-^niGa0.9A 1 O.lN 

»©±«c % mmmi tmmcbx s i K-^n«a i no: 

14Ga0.86NJI£2 0 0t>^ h n-AJ&^£-t*/c 

M*4#*£jt#, SCflBtt* 1 0 2 0 -cstM^S 
tf, TMG^5 4X10- 5 W^i, TMA^:6Xl 
0- 6j e;l//^ri, Cp2Mg {*/W<>#*Jx>—)l'?. 
y^ix^A) £3. 6xio- ! w^, r>*-r£ 

4 "J * h jV/#raO&#6, PiGa0.9A 1 O.lN© 
£0. 8 iumJ&gi*tf 

[0 0 3 0] KlOJl^l/r, £«©±te, GaN^ 
v7Tli, S i F-^nSGao.9A 1 O.iNJSi, S 
i F-^nSI n0.l4Ga0.86NJf MgF-7'pM 

Gao.gA i o.iNmt^imcmmbtc^Jc^-^m^m 
i t«itr^-'j>^i/di f± 

L/ciC6, 2fe:3fcttWjtt2 OmAttl^l 2 0 uW"C 
t*-^#^«4 0 0 nmtmi&Ml i[HJ— *T&-o 

/Co 

[0031] immme] mmmi<D^v7ym*m& 

5 1 O'CJCfcOT, JSCD^ibTT>^r^T 
( N H 3 ) 4 y h fo/ft t . TMG ( Y V J^JltfV 
*A) t2 7xL0 fc, W»i, TMA£3x 1 0" 6 
j ert'/#££»U ^Tg^Jbtt:Ga0.9A 1 o.l 

N A 0 h U- A<DfJ05C-Cja 

[0 0 3 2 ] <&£*©'*? ^ 7»©±CC^Jfi«5 <b[SHf 
CCl/T^v^TJBtBI-HHSS^S^S i F-T'nfG 
a0.9A 1 0.1NJB&2 jLimfifeSSl**. 

[0 0 3 3 ] #&CS i F-^n^Ga0.9A 1 O.lNJH© 
±K. **6W2il^«CCUt:. S i F-^nSEInO.14 
Ga0.86NI2 0 0t>^FD-A<b. S i F-7n 
Ml n0.25Ga0.75NJI5 0^>^X Fd-Ai, Si 

F--7'niI n0.14Ga0.86NJf 2 0 0*>?ZhU- 

[0 0 3 4] $6fc*©^»R©±w:ias«5il5l««c 
L"C pMG a 0.9A 1 0.lNH£ 1 u m ©Btff-CJififi £ it 
RI«CC0r«*y^^- FiLfctC6, C© 
«*y-T^-F©«*ia^«2 0mAK:*JC»T2 1 0 u 
W, tr-*ifeg«:4 2 Onmtfe^c. 

[0 0 3 5 ] 

n&iz* *<owk*mtu y A3S{t^»*3wt*fijffl 

■^^©S^eS^F-tt, plGaNKDZn, Mg^CCj: 



(5) 



tt. nil nGaNJBO^>FBB»6**ffl-rS©T* 
. 2 5 n 0 , 

x G a , _ „ N <D I n <D*)lMcj: -C»#&£8E;l -5 C <h 

[HMomittWB] 
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8 



So 

[04] flffea**^© I n 

10 1 - • • • -*R 2 GaN'< 

V 7 7 Jf 

3 n§5[GaNJi 4 n^ln 

5 pIGaNl 



cz; g g z; rC^-« 

\ v V X >. \ 

^ * * \ -v \ — ^ A 
V V \ v. v v • 

■I 



12] 



Z 2 / Z Z 




nS I dmiG a ,-*,N 



■[03] 




WKWe-l 7 742 3 



i&mmn m*&m n&oz <oa&ic <* zmiEvm® 

imfH] ¥J&9*£ ( 1 9 9 7) 1^100 

«BB¥6 — 1 7 7 423 
[&P3B.3 ( 1 9 9 4) 6M24B 

i*zm^m &m$ft£;W6-~- 1775 

[tHMHf] ^W5-l 1 45 4 1 
[BIRWHF^H*6JK] 

H01L 33/00 

[F I ] 

H01L 33/00 A 7809-2K 

[*IUB3 ¥0t8¥l J3 3 1 0 

[^mrniE 1 1 

[ffijE»*«K«3 WMW 

iffijEtrm ism 
mm&i mmm 

im^tm 1 ] n§a»M/y * A^b^j^^e^ 
£m 1 <D¥&ftm£, mm 1 ©¥^n±c<:^6n, 

o'^^^^t^ 1/ ^A^{b^¥^f*^6^^m2 

[»*H2] ^1©^!^, nlGa.-.Al.N 
(CCT\ 0^a< 1 ) #>6frD, »3W5«M*s, 
pIGat.bA UN (CCT, 0 ^b< 1 ) #>6&&C 

fctt 2 KEflRO^^RKX-?. 

[||^5] IB2©^NW*«^ In s Ga,oN(C 
Ct, 0<X<0. 5) Tff^£ftTl>£C 

[»#J16] » 2 E(r>K»»D*t& 

mix y * A«ft^«j^«#i: »j tt« ^bk-cj&ss n 
r t>s c t *«• i -r ^M^l 1 0 5 <Di>m^ 1 

I n x Ga,-j,N (C CT\ 0<X<0. 5) 



Ga, A 1 i.r N (CCT\ O^Y^l) «fc«Jfr3^*:7 

r b©±k bss $ i c t t r * %mm i & 
i. 5 umomm*&?zct&&m±?zmtmi%i 

[M«39 1 1 3 mm#V ^AffcAWiJHSft^Wi* 
OWWfcAW*^ L , MT«I^^^ 2 CD 

mtsmttx y v /*mt&tozm#fr?>tj:zn 2 o^mw 

C»#S 121 mi ©MS*/**** nlW*^: 3 

{t^»*S6tc*tfCi^!|$afr*iiWt3Hi i*/c5i 
1 2 iaigoi^^o 

[11^143 »3©js**^^ W^r;u^^»>A 
1 3 ©ci-rn^ 1 msm>m&i5&. 

[0 0 0 1 ] 
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[0002] 

tD****** 8 '* -f * teftflj $ ft 
iirlft3f/^A(GaN), Sfb-fVS^Atfy* 
A (InGaN) , lit^/V ^AT;V^^A ( G a A 

i n) *(o«t^y^M^*»(Wttisftti» 

So 

[0003] «£3i5aisg$nr^&fift^y ^ A*fk#» 
*s«fc<*oJs>*rcir>*. ckd^sw, s^i±&c, a 

\N<k*)tj:Z>^v7 rM2 t> nlGaN13i, p_S_ 

Ksfctt&ti/cA 1 N*^^77t12», ^Bse 
3- 1 8 89 8 3^fg(ClBi?tltC^ J:^(C, -^(D 

■±*caua ztxzmtti v * jjMtG&mtoate&i&z 

NJg5«, p 1 W i 1 1 M g H 5i Z n F - 7' $ 

n-6ci m&VEim^fttb pmt&tj: 

S^Si Ur. i|$i?2 - 4 2 7 7 0-5f<238&C«, mm 
[0 00 4] — «S^C. ^3 fc^-r***^©***?-!* 

mtmjj&i&<, nmxrattn*. §&tmjj*m*2 

[0 00 5] 

fi^ft*»«r £ t> ©f* -5, 0 

[0 00 6] 

*fcfc©#Bt] nSS*** 
[0 00 7] tttb^ ^WKJinK. n_g_S{k#'J 

*±mtGm¥m»fr*>tj:zm 1 r& 1 



f k^«*#ft^ * * & sr 2 ©^uotm i , mm 2 <D*m 
6 «c -s» 3 ©#j3w*» mt# »; * a*{ k^*. 

[0 00 8 ] ±fle» 1 ©*a»WW, nlGa^.Al. 
N(CCt, 0^a< 1) rMfSCi^t!*, ±13 
»3 O^iftlli, p a . A 1 b N ( C C t, 0 
b< 1 ) "CMt2,CiOT#^ fl 

[0 00 9] ±IB^2(D^^^K-> r 3n€>nM^ 

[0 0 10] ±iE»2©¥3M*»tt, MtJ^W&tf 

( I n»Ga,_xN,. 0 <X< 1 ) TffM2ft£_ 
[0 0 1 1 ] ±K»2 In.Ga._xN 
(CCT. 0<X<0. 5) 8»20 

[0012] ±B1»2 S^KfflJi)6©S& 
«5^a»H.Ai, -O^Ai^'J *A£<D*iJ^b#nftlB 

nfc»k^f * &m<it&tommw b <fc o 

[0013] »2CD4£4M*n^ El>teXffl<D_a*£ I 
n x Ga.. x N (CCT?, 0<X<0. 5)£*)fr£^Ji 

[o o 1 4] ±fm2<D¥m#mw> io^>^ba 

[0015] ±fES8 1 CD^*»©«, S«±CCfiS«Stl 
/cG a Y A 1 i_yN (CCt, O^Y^ 1 ) •fcDftr&^'sr 

[0 0 1 8] ±^3<D*3«tf*B«\ 0. 0 5/im- 
1. 5^©W«WTSC±##*U>. 
[0017] *i^O*ai«:**IRiF-B, A 

^ A^b^ffc <t^a»{k^B^s u . *>o n 

a, ^t;^ A ^j:a^^^si{k^y^Aj«k^«j¥ 
c^«*r»; ^A^k^ifg^k^JB-t^^L. p 
*#«±ftc. P _is!_a{k^y^A^b^^**^6tt* 
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[0018] ±iaff§ 1 COWMrtZ n^F«1»»£3 

[ooi9] ±sb» i cd^ i <z>/g«4#xra. #»r^ 5 
^ o Mt&mz £ e tea* cim^ 
[o o 20 3 ±fafB3©jK»#*ra, w$t;i^^a 

[002 Hilit #IMIHM«fc# »; * ASHt^BN* 

# »; ^ A*f b£ 6 «c * » i i 3 

fflRi%#trafc!»*?9#I n,Ga t .,N (0<X< 
[0 02 2 ] SKI Hil^WT. SiC k ZnOi 

So 

[0 0 2 3 ] ^»7rl 1 2G*Ga Y A U.,-N (0 
^ 1 ) r^JSWSCi*«"C*, il^O. 0 0 2tfin- 
0. 5 umVmZlC&f&ZtlZ. G a A 1 N<£9 

*>-e<z)ji-cc»ssi4©J:^»t^ ^ A^b*«¥2»#* 

Sl^ fl C <DG a N>>* 7 7 tMO^^c-d^X tt#fctill 
A* s 5fetcto@ib/c^il^-3 - 8 9 8 4 O-^fcfclvcj*^ 
TteD. t7 7-/7l«=&ll»^ «t*OAlN;< 

K«ft/c3f b# »J $ A»{fc£«MNW***»6 ft* ?6(C 
0 < ttJfcg 3 J: 5 £ T & gfb:tf »; 2 A*ft#»¥ 

«c»ji3tisa^y ^A^ib^!»¥»#©*siitt*isi 

[0024]Il^ii$I13», n^GaNiCj; 
0. l)^ti^OGa(D-^Altl^tfcGaAl 

Ml 3« k Ga 1 . 1 AI,N(0^a<l) ^Mt^C 

TfcnS£&*tt«#**#* i , Gef©n 

F-:/LT#* U> nii bXi> 
[0 025] f&3(D¥2SWgl 51*. pMGaNtCj: 
0, *£^«*©Ga©— »&A 1 r^tfcGaA 1 

I15B, Ga 1 .»Al b N(0^b<l) £C 



Hib/c#M¥3 ~3 5 7 0 4 6^(Cf2igO/c<t^R:, 4 

o o xasLt. $?$u<{J600 •cjy±©MSrr >j 

> Jf*fr 9 C i fc «fc 0 ffiJgfctfr p T£ C <!: a*T * 
S„ Sfc»3©¥«*Bl 5tt, 0. 05/iin-l. 5 

0 5 urn**) 5 v KB±UTftffiUC< <, 

[0 02 6] nSSPFWft* K-5 p Ufc»2 ©¥3W*B 1 
4tt, Wft^WafflRSftffiCCiO, 6 0 0U 

* <t orSW*ffli»T. » i ©*«#B l 3 ©±ta£fi 
?^ci^T^. *©«^, jmxxtpvuvvj* 

[0 0 2 7] JfT2<D*«WI*l 4CCK-^«nM^F 

*1tm2<D*m#M 1 4CCttnS^««!* 1 O^/on 5 
-1 O'VonV W£0< Bl 0 1R -1 O'Vcm'CDfiT 

[0 0 2 8 ] $ J£2 <D^g«l 1 4 fcJB/STS I 
n x Gai.*NJB4-© I nOJt*. ■Tftfofc* xtil£0<x 
<0. 5©^K. ■»* 0< (i0. 0 1<X<0. 5©® 
ffltciaSE^S. CW^ 0cfc0^<TSCiCCi0. 

1 n K Ga a _ x NB4tf§^BfcbTflOTU 0. 5&± 

[ 0 0 2 9 ] 0 2 tt**93©¥*#»*«-T.©ftO«fi 
^r^S^T^S, C©H#H1 iR&SjStt. U2 
O^VftA 14*. S «fc>t/ »J ^ AIRf t^m 

ft*W*A<b. ^>^^A£^/y ^AiOffiJ^b^gB 
^snfcSI{b^ * A«{fc£»*»#B J: •) ^cS^JiM 
*»»JB14*s*mfi^#^*«£^c-5^:«), ^T^^f 

[0 0 3 0] H2(D¥^rai 4*^HMcb*rS^. 
Xf®^0<X<0. 5©faa"C^ I n K Gax.xNH4*X 

[003 1 ] *2C0*»*il 4ttl0^>^hO- 
A^cUL/0. 5|txm, $e>CC^^U<^0. OUm- 
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tt, HI K^«a©«6^©JBMr**»2©* 
&{*J11 4*nS>FK» 3 & F-^Lfcl nO.lGaOlsN 
fc«fcD»/aOfc«B^ *©»2©^ftB14©ll*P 

?ymx$>z> 0 H4fCCT3Jvci»£J:9K:t *#sn©» 

$>S. » 2 1 4©(Wlt fehtih 

m:m*& 9 O % «±©ffl»ffc3fc*Bte S J: 5 (c , 
1 0#>^X hn-A&l>L0. 5 //nKDiaffli-rSC 
<fc##* Ll\ ft*5, 312 ©*»*JB I 4 £^JIfll<h U 
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